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Sstoricil  Evidence  Of  A  link  Between  Asymmetry  In  Sdar 
Activity  And  A  Disidacement  Of  The  Neutral  Sheet 

D.B.  Swinson^  and  M.A.  Shea^ 

1.  Department  of  Physics  and  Astronomy,  The  University  of  New  Mexico 

2.  Space  Physics  Division,  Geophysics  Directorate/PL,  I^mscom  AFB,  MA 

ABSTRACT 


Data  from  four  solar  activity  cycles  (two  solar  magnetic  cycles)  from 
1930  to  1967  are  presented  to  support  toe  hypothesis  that  when  there  is  excess 
activity  on  cme  hemi^ere  of  toe  sun,  toe  helio^heric  neutral  sheet  is 
displa^  (on  average)  away  from  that  more  active  hemisphoe. 

1.  INTRODUCTION 

In  a  previous  paper,  which  will  be  referred  to  as  SHSS,  Swinson, 
Humble,  Shea  and  Smart  (1991),  looked  at  measures  of  activity  on  toe  sun's 
northern  and  southern  hemisphere  from  1965  through  1983  in  order  to  find  a 
cmmection  between  asymmetry  in  activity  on  toe  sun  and  a  possible 
displacement  of  toe  long-term  average  posititm  of  toe  neutral  sheet  relative  to 
the  solar  equatorial  plane.  During  this  period  toe  IMF  was  directed  toward 
toe  sun  above  toe  n«itral  sheet  (toe  negative  configuration)  from  1965  to  1968 
and  in  1982  and  1983;  toe  IMF  was  directed  away  from  toe  sun  above  toe 
neutral  sheet  (the  positive  configuration)  from  19^  to  1978.  During  these 
periods  there  were  four  distinct  qx)chs;  in  1965-1968  and  in  1975-1978  there 
was  greater  activity  on  toe  sun's  northern  hemisphme,  while  in  1972-1974  and 
1982-1983  there  was  greater  activity  toe  sun's  southern  hemisphere. 

In  SHSS  toe  activity  on  toe  sun's  two  hemispheres  was  determined 
using  a  cemtinuous  set  of  observati<ms  by  Koyama  (1985)  which  spanned  toe 
period  of  toe  study.  Koyama's  data  included  sunspot  number  (total,  northern 
hemi^here  and  southmn  hemi^toere)  for  as  many  days  as  possible  through 
this  period.  The  IMF  polarity  in  toe  vicinity  of  toe  ea^  for  a  given  day  was 
determined  using  data  from  a  number  of  sources.  For  toe  majority  of  days  its 
directi<»  was  obtained  from  direct  measuremoits  from  various  spacecraft 
(C^uzens  and  King,  1986).  These  direct  measurements  were  supplemented 
with  IMF  polarity  data  inferred  from  polar  magnetograms  (Svalgaard,  1976), 
checked  by  sqxarate  estimation  from  toe  Stanford  Mean  Solar  Magnetic  Field 
(Solar-Ge^ysical  Data  Prompt  Rqorts)  moved  forward  in  time  by  five  days. 
Using  tltose  vaiimis  IMF  data  sources,  measuiemmits  or  estimates  of  toe 
direction  at  toe  earth  were  available  for  most  days  between  1965  and  1983. 

SHSS  showed  that  for  each  of  toe  four  epochs  in  that  study  toe 
observed  results  indicated  a  situation  in  which  excess  activity  on  one 
hemisphere  of  the  sun  coincided  with  an  excess  of  days  whose  IMF  polarity 
(toward  or  away  from  the  sun)  were  consistent  with  toe  neutral  shi^et  being 
displaced  (on  average)  away  from  toe  hemisphere  with  excess  activity. 
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In  the  present  study  the  years  from  1930  to  1967  are  mcamined  in  an 
attempt  to  test  the  same  hypothesis  (that  excess  activity  on  one  solar 
temi^pheie  and  a  displacement  of  the  neutral  sheet  are  correlated  with  each 
other)  over  a  longer  period  of  time.  For  most  of  this  period  there  were  no 
spacecraft  (except  for  plan^  earth)  from  which  to  make  direct  measurements 
of  the  IMF  in  the  vicinity  of  the  earth.  Nevertheless,  Svalgaard  (1972, 1976), 
has  been  able  to  infer  tte  polarity  of  the  IMF  in  the  vicinity  of  the  earth  from 
the  influence  of  the  IMF  on  the  geomagn^c  field  at  high  latitudes.  In  the 
eariier  publication  (Svalgaard,  1972)  all  days  are  assigned  a  polarity  (either 
toward  or  away)  for  each  year  from  1926  to  1971.  In  the  sec^  publication 
(Svalgaard,  1976),  in  addition  to  noting  days  which  are  toward  or  away,  days 
for  which  the  polarity  is  mixed  are  also  identified. 

The  data  used  here  for  north-south  asymm^ry  in  solar  activity  are 
from  White  and  Trotter  (1977),  who  have  published  plots  of  the  distribution 
of  sunspot  areas  between  the  north  and  south  solar  hemispheres  from  1874  to 
1971. 

2.  ANALYSIS 

The  four  periods  used  in  the  present  study  are  1930-1936, 1939-1946, 
1949- 19S6  and  1959-1967.  They  each  rqiresent  the  period  between  successive 
solar  maximums.  The  year  of  solar  maximum  and  the  adjacent  years  have  not 
been  included  in  this  study  (as  was  also  the  case  in  SHSS)  since  these  years 
are  the  period  when  the  biospheric  magnetic  field  reverses,  and  the  magnetic 
configuration  of  the  heliosphere  is  very  irregular  and  not  well-behaved.  For 
each  year  of  each  period  the  total  numter  of  toward  days  and  away  days  have 
been  determined  from  Svalgaard  (1972)  in  the  case  of  the  periods  1930-1936 
and  1939-1946,  and  from  Svalgaard  (1976)  in  the  case  of  the  periods 
1949-1956  and  1959-1967.  For  each  year  the  data  are  expressed  in  terms  of 
a  fiactimi  of  the  total  days  (toward  plus  away)  for  which  the  IMF  polarity  was 
away  from  the  sun.  From  the  White  and  Trotter  (1977)  data  the  asymmetry 
in  solar  activity  for  each  year  is  expressed  in  terms  of  the  ratio  An/(An  +  As) 
whm«  An  rqnesents  the  area  of  activity  on  the  sun's  northon  hemisphere  and 
As  iq>resents  die  area  of  activity  on  Ae  sun's  southern  hemisphere. 

If  the  above  hypothesis  is  correct,  and  the  magnetic  state  of  the 
heliosphere  is  positive  (IMF  away  from  the  sun  above  the  nmitral  sheet),  then 
increa^  nordiem  hemisphere  activity  should  result  in  the  neutral  sheet 
spending  more  time  below  the  earth  than  above  it,  with  a  resultant  increase  in 
tte  annual  fraction  of  away  days.  Conversely,  when  the  magn^c  state  of  the 
helio^here  is  n^ative  (IMF  toward  the  sun  above  the  neutral  sheet), 
increased  northern  hemisiidiere  activity  should  still  result  in  the  neutral  sheet 
spending  more  time  below  the  earth  than  above  it,  but  the  result  in  that  case 
would  be  an  increase  in  the  annual  fiaction  of  toward  days  and  therefore  a 
decrease  in  the  fraction  of  away  days. 


Figures  1  and  2.  Plots  of  yeariy  northern  hemisphere  solar  activity 
asymmetry  in  the  form  An/(An  +  As)  from  White  and  Trotter  (1977)  versus 
fraction  of  days  per  year  of  IMF  directed  away  from  the  sun  (Svalgaard,  1972, 
1976).  The  lim  in  each  grairii  is  the  best-fit  straight  liiw  from  linear 
r^ression  analysis  applied  to  the  data.  In  Figure  1  the  top  grs^h  is  for  period 
I  (1930-1936)  and  the  bottom  grai^  is  for  period  m  (1949-19SQ.  During  both 
periods  the  helio^^ieric  magnetic  configuration  is  positive.  In  Figure  2  the 
gra{rti  is  for  period  n  (1939-1946)  and  the  bottom  graph  is  for  period  IV 
(19S9-1967).  During  both  periods  the  heliospheric  magnetic  configuration  is 
n^ative. 

In  Figures  1  and  2  we  plot  northern  hemisphere  activity  (expressed  as 
a  fractitm  of  total  activity)  against  the  fractitm  of  days  in  each  year  when  the 
IMF  polarity  was  away  from  the  sun.  We  also  ^ow  the  best-fit  straight  line 
to  ea^  data  using  a  linear  r^ressitm  analysis.  From  visual  inspection  of 
the  data  points  in  Figures  1  and  2  it  is  clear  that  the  choice  of  a  linear  relation 
between  the  two  variables  is  not  a  compelling  conclusion.  Nevertheless,  the 
statistical  conclusion  is  that  ftn*  each  of  the  four  time  periods  the  slope  of  the 
best-fit  straight  line  obtained  from  the  linear  r^ression  analysis  is  of  the 
correct  sign  predicted  by  the  hypothesis  that  excess  solar  activity  on  one  solar 
hemiq>hete  results  in  a  di^lacement  of  the  neutral  sheet  away  from  the  solar 
hemiq)here  with  tt»  excess  activity.  It  should  not  be  unexpected  that  on 
occasion  the  linear  r^ression  analysis  betwera  these  two  variables  will  not 
always  lead  to  a  strong  linear  relation,  because  the  asymmetry  in  solar  activity 
varies  considerably  from  year  to  year  and  even  from  cycle  to  cycle  (Swinson, 
Koyama  and  Saito,  198^.  It  is  probably  worth  noting  that  the  highest 
corieiation  coefficient,  r,  occurs  during  the  last  of  the  four  periods,  which  was 


the  period  during  the  last  one  hundred  years  whoi  the  asymmetry  was  most 
pronounced  (Swinson,  Koyama  and  Saito,  1986).  Conversely,  one  would  not 
expect  a  high  correlation  coefficient  in  a  period  when  there  is  little  or  no 
variation  in  solar  activity  asymmetry  betweoi  the  two  solar  hemispheres. 

3.  CONCLUSION 

The  results  presented  here,  taken  tog^her  with  the  results  in  SHSS, 
cover  a  time  period  from  1930  to  1983  and  constitute  six  solar  activity  cycles 
or  three  solar  magnetic  cycles.  Combining  the  results  from  each  paper  there 
are  eight  multi-year  epochs  which  rqnesent  almost  the  entire  time  span, 
excluding  period  of  heliospheric  magnetic  field  reversal.  In  each  of  these 
eight  multi-year  periods  tte  results  of  the  analysis  are  consistent  with  the 
hypothesis  t^  tlw  neutral  sheet  is  displaced  (cm  average)  away  from  the  solar 
h^qrfiere  with  the  excess  solar  activity,  resulting  in  an  excess  of  either 
toward  or  away  IMF  days  near  the  earth,  die  nature  of  the  excess  depending 
(XI  the  directi<xi  of  the  solar  activity  asymmetry  and  the  prevailing  magnetic 
ccxifiguradcxi  of  the  heliosphere. 
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